Introduction: The aim of this study was to determine treatment delivery patterns for patients with neovascular age-related macular degeneration (nAMD) across the UK through an ophthalmology trainee research network delivered observational study. Methods: Data were collected via an online tool by potential research collaborators identified by
the Ophthalmology Trainee Clinical Trial Network (OCTN). Collaborators were asked to comment on periprocedural practices of treatment of nAMD in their eye unit including treatment location and injectors, clinical assessment and routine observation in patients undergoing intravitreal treatment. Results: Data were available from 26 units around the United Kingdom. Survey methodology refinement was approximately 3 months, and the average response time was 4.9 ± 2.4 days. The majority of responders confirmed that treatment was undertaken as a ''one-stop'' service (n = 15, 58%), delivered in a clean room (n = 23, 88%). In the majority of units, doctors administered injections (n = 24, 92%), but significant treatment was also given by nurse injectors (n = 21, 81%). All collaborators reported that patients underwent visual acuity testing and optical coherence tomography imaging at all visits, but other imaging including fundus fluorescein angiography (FFA) did not take place in all cases (n = 17, 65%) and only at baseline visit.
Conclusions: These results demonstrate the feasibility of conducting ophthalmology trainee led and delivered observational studies. Our results show that FFA is not routinely used in the diagnosis of nAMD in the units sampled; most injections are carried out in a clean room, and ophthalmic nurses delivering injections is a highly prevalent model of care in the UK.
INTRODUCTION
The development of intravitreal anti-vascular endothelial growth factor (anti-VEGF) agents has revolutionised the treatment of neovascular age-related macular degeneration (nAMD). Whilst guidelines, local protocols, and expert opinion do exist and inform treatment practice, it is not clear whether variation exists in local patterns of treatment delivery in the UK [1, 2] . The evolution of treatment paradigms and imaging techniques are a likely contributory cause of variation in practice, as is the requirement for clinicians to manage the needs of their own patient population within the local constraints of funding and resources. The increasing burden of nAMD within an ageing population poses a challenge to clinical services and has led to an extended role for non-consultant staff and use of virtual clinical assessment for stable nAMD cases [3] . Recent research suggests variation in treatment outcomes for nAMD exists across the UK [4] . Variation in periprocedural practice may directly or indirectly impact on treatment outcomes and could in part underlie the variability in treatment outcomes reported elsewhere [4] .
Despite the need to understand better how care is delivered for patients with nAMD across the UK, there are no previous reports relating to practice patterns in care delivery for patients with nAMD in the UK. Our aim was to engage ophthalmology trainees in the design and delivery of an observational study describing periprocedural practice in treatment delivery for nAMD across the UK. Recently, several surgical specialties, including orthopaedics and neurosurgery, have developed collaborative trainee research networks supported by consultant mentors that have delivered several projects including clinical trials [5, 6] . Involvement of multiple trainee research collaborators supported by experienced research design services with consultant expertise may offer an efficient and robust way of carrying out clinical research.
The purpose of this study was to evaluate variation in current treatment practice in treatment of nAMD with anti-VEGF (including location of treatment, injector profession, and clinical assessment of nAMD activity at baseline and monitoring). In order to help define treatment methodology, acquire data from multiple sites efficiently, and analyse subsequent results, we used the Ophthalmology Trainee Clinical Trial Network (OCTN) to rapidly deliver this observational study.
METHODS

Study Population
Invitation for involvement as a collaborator in this trainee-led study was disseminated by email from the OCTN to trainees and consultants around the United Kingdom (UK). Those wishing to be involved were designated as OCTN research collaborators for the project and were sent by email a link to an electronic data reporting form (SurveyMonkey Ò ). This article does not contain any new studies with human or animal subjects performed by any of the authors. This study was not a clinical trial and did not therefore require clinical trial number registration.
Survey Questionnaire
The data reporting form consisted of ten questions regarding treatment location (including number of assessment and treatment sites) and pattern of delivery (''one-stop'' versus ''two-stop'') and type of injector (doctor including training grade if appropriate, nurse, optometrist, etc.). In addition to the theatre operating room, possible treatment sites included an outpatient clean room (as defined in the Royal College of Ophthalmologists AMD guidelines 2013) [7] . A clean room would consist of an enclosed room, free of interruptions with a washable floor and handwashing facilities. The room would also provide an appropriate patient chair or table to enable the patient to lie supine with adequate space for injectors to move easily around the patient. Collaborators also indicated which assessments were included in evaluation of nAMD disease activity in their unit at baseline (prior to commencement of treatment), monitoring and injection visits including visual acuity and imaging (optical coherence tomography, fundus fluorescein angiography, and colour fundus photography). Collaborators were also asked if measurement of intraocular pressure and baseline systemic observation were routinely assessed.
RESULTS
Data Reporting Response
Data were available from 26 units across the UK, including nine units in London (34% of total response), a further 10 in the rest of England, and two in Wales and one in Scotland. Six trainees were involved as part of the working group, responsible for methodology refinement, data acquisition and analysis and consisted of a range in ophthalmology specialty training (OST) years and one fellow. There were 26 trainee research collaborators who responded with data collection from their units. The design of the survey took place over approximately 3 months and the mean (±SD) response time of collaborators from survey dissemination was 4.9 ± 2.4 days.
Intravitreal Treatment Location
The majority of respondents (n = 15, 58%) reported that their unit followed a ''one-stop'' treatment delivery pattern where both assessment and intravitreal treatment occurred on the same day. Fourteen (54%) of collaborators responded that the unit had a single assessment and injection site whilst 12 (46%) reported more than one assessment and injection site. The majority of injections took place in a clean room (n = 23, 88%) with very few being undertaken in a theatre (Fig. 1) .
Injector Profession
Our study showed that injections are typically administered by staff grade or specialty doctors (n = 24, 92%) in addition to nurse injectors (n = 21, 81%), OST year 3 and above doctors (n = 21, 81%), consultants (n = 19, 73%), OST years 1-2 doctors (n = 13, 50%) and rarely performed by orthoptist/optometrist injectors (n = 1, 4%).
Clinical Assessments
At baseline and monitoring visits, all units appeared to carry out both visual acuity testing Fig. 1 Location of intravitreal injection treatment within hospital. 23/26 units (88%) use a clean room, 2 units (8%) use theatres and 1 unit (4%) uses a clinic room Fig. 2 Clinical assessments performed at units on the day of intravitreal injection treatment. VA visual acuity, IOP intraocular pressure before (pre) or after (post) intravitreal anti-VEGF injection, BM blood glucose measurement, INR international normalised ratio, for patients taking warfarin, HR heart rate. Percentage of respondents shown above each bar and optical coherence tomography (OCT) imaging (Fig. 2) . The majority of patients undergo intraocular pressure (IOP) measurement, slit lamp examination, and colour fundus photography at baseline visits [22 (85%), 26 (100%), 15 (58%) respectively], but reduced at monitoring visits [14 (54%), 21 (81%), eight (31%) respectively]. Interestingly, only 17 (65%) respondents replied that their unit carried out regular fundus fluorescein angiography (FFA) at baseline visit and only one1 unit carried out a quality of life assessment in the form of a formal quality of life questionnaire.
On the day of injection visits (whether as a one or two stop), whilst all patients appeared to have a visual acuity assessment, 10 (38%) had IOP measurement prior, and four (15%) had post-injection IOP measurement (Fig. 3) . Systemic observations were made in a minority including blood sugar (n = 4, 15%), INR (international normalised ratio) if on warfarin (n = 5, 19%) and heart rate (n = 6, 23%).
DISCUSSION
We report the results of the first OCTN trainee-led and delivered observational study reporting patterns of nAMD treatment delivery in the UK. Our results show that variation exists in the treatment setting, injector profession and method of clinical assessment (both ophthalmic and systemic) across the sites reviewed in the study.
The increasing reliance on nurse practitioners as nurse injectors is a reflection of the expanded role of non-consultant staff due to the increasing demand for injection capacity in the treatment of nAMD. Indeed, nurse-delivered injections have received favourable feedback from patients [8] . OCT appeared to be used in all centres at baseline assessment and monitoring visits. This is unsurprising as current treatment decisions with anti-VEGF are generally guided by morphological features of nAMD shown on OCT imaging. FFA was not completed at all baseline assessments and in none of the monitoring visits. This was an interesting finding and suggests that OCT may be replacing FFA as the imaging modality of choice in diagnosis of nAMD in some centres in the UK; in part this may be due to an effort in avoiding delays between patient presentation and treatment if organising and carrying out an FFA is likely to lead to delay in commencement of anti-VEGF therapy. As NICE guidelines involve measurement of lesion size, it would suggest that units could be using alternative methods to FFA to determine this such as measurements of lesion size from en face OCT.
The issue of IOP measurement still appears to be variable. Relatively few centres appear to measure IOP with even less performing regular IOP measurement. Suggestion of an increase in IOP after chronic anti-VEGF treatment, both in clinical and experimental studies, may indicate that screening of patients for raised pressure is a sensible consideration [9, 10] . Post-injection measurement is carried out in some centres due to the possibility of acute IOP rise, although most studies suggest these changes are likely transient in the vast majority of cases [11] . Reported systemic adverse events are low with-anti-VEGF Fig. 3 Clinical assessments performed at units at baseline and monitoring visits. Visual acuity (VA), n = 26 (100%) at baseline and monitoring. Intraocular pressure (IOP), n = 22 (25%) at baseline and n = 14 (54%) at monitoring. Slit-lamp biomicroscopy, n = 26 (100%) at baseline and n = 21 (77%) at monitoring. Fundus photography n = 15 (58%) at baseline and n = 8 (31%) at monitoring. Optical coherence tomography (OCT), n = 26 (100%) at baseline and monitoring. Fundus fluorescein angiography (FFA), n = 17 (65%) at baseline only. Quality of life (qol) questionnaire, n = 1 (4%) at baseline only. Percentage of respondents shown above each bar agents [12] . A minority of the units appeared to check systemic observations (INR, blood sugar, heart rate) prior to injection. Interesting, a recent study found increase in systemic blood pressure after treatment with anti-VEGF agents only in a small proportion (seven cases, 0.59%). The need to monitor these observations in those undergoing treatment with anti-VEGF agents needs further consideration.
Our study has shown that a collaborative research network in ophthalmology has the ability to deliver trainee-led and trainee-delivered multi-centre observational studies. Trainees were involved in different aspects of the project (including project design and conduct, collection and management of data, analysis and interpretation and presentation). We suggest that this project delivers proof-of-concept of an ophthalmology trainee research network and we hope that this model may be useful in further ophthalmology trainee-led research projects in the UK (including observational and prospective studies).
Strengths of this study include the development of an ophthalmology trainee research collaborative, the use of multi-centre data over short collection time frame. Our study could be further improved by the use of a multicentre audit to investigate about adherence to local protocols and it would be interesting to investigate variation in treatment regimens. It would be helpful for future research to assess the treatment protocol utilized in the UK, in particular characterizing the use of pro re nata, treat and extend, and fixed dosed regimes. A multicenter audit could capture this information accurately. It would also be helpful to assess the percentage of injections in each unit given by different healthcare professionals.
CONCLUSIONS
In summary, we report the results of a trainee research collaborative network project into periprocedural practice in the treatment of nAMD. We have shown that there is significant variation in the clinical assessments (systemic and ophthalmic) made at monitoring and baseline visits. There is an increasing reliance on extended roles for nurse practitioners as nurse injectors.
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